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1 Introduction

When users experiencing good channel quality are assigned to lower rate channels, they contribute less interference to their neighbors and system blocking probabilities decrease.  As a result, both interference and blocking limited capacities can be significantly improved.  In this contribution, simulation results that reveal large capacity improvements for lower rate channel assignments are presented and impacts to standards are discussed.

2 Simulation

In this section, details of the simulation are presented, including simulation parameters, assumptions, and results.

2.1 Simulation Assumptions

Simulation assumptions are listed below.

Cellular System Model

· Deployment

· Frequency reuse pattern: 1/3 reuse. Hexagonal sectors are assumed giving rise to cloverleaf shaped cells. 

· 5x5 cell layout with wraparound

· Base station separation = 1.5 km; cell radius  = 0.5 km

· Carrier frequency = 900 MHz

· Antenna pattern from UMTS 30.03 [1]

· Propagation

· Transmit power of 40 dBm

· User location randomly chosen; ideal serving sector selected

· Path loss of 128.1 + 37.6 log10(d) dB, d in kilometers 

· Log normal shadow fading with ( = 7 dB

· Noise floor of –114 dBm
· Typical Urban (TU) multi-path channel profile

· Mobility is not modeled in the simulation
Traffic Model 
· Poisson arrival of voice calls.

· Exponentially distributed talkspurt and silence periods

· Voice activity factor of 0.6

Channel Model

· Frequency separations assumed greater than coherence bandwidth

System Parameters
· Random channel (full rate) assignment for all users

· Ideal random frequency hopping

· No power control

· MR74 vocoder

· GMSK modulation for full-rate channels

· 8-PSK modulation for half-rate channels

· Downlink only

Performance metrics 

· 1% FER for 90% or 95% of users 

· 2% blocking
2.2 Simulation Results

Simulation results are shown in Table 1.  Initial channel rate selection refers to the process of determining which channel rate to assign each user upon call setup.  Measurements are assumed to be without error or delay.  Only full- and half-rate channels are considered.  For cases where initial channel rate selection is not employed, all users are assigned to full-rate channels.  Channel rate switching after call setup is not considered. 

	Initial Channel Rate Selection?
	% Satisfied Users
	Capacity

(Erlangs/Sector)
	Interference or Blocking Limited?

	N
	90%
	84.1
	Blocking Limited

	N
	95%
	63.9
	Interference Limited

	Y
	90%
	121.8
	Interference Limited

	Y
	95%
	92.4
	Interference Limited


Table 1.  Capacity Results With and Without Initial Channel Rate Selection

As shown in the table, significant capacity gains can be achieved when initial channel rate selection is employed, even when capacities are not block limited.  The gains are 44.8% and 44.6% for 90% and 95% satisfied users, respectively.

Note that the simulations assume a static environment where users are stationary.  For cases where users are not stationary, larger channel variations may require that users be dynamically reassigned to higher or lower rate channels.  

3 Impacts on Protocol

Channel rate selection would yield greater capacity gains if reliable measurements of interfering neighbors were available during call setup (initial channel rate selection) and during the call itself (channel rate switching).  Currently, the standard provides measurements for handoff candidates.  With sparse reuse (e.g. 1/3 or 4/12), these handoff candidates may not provide measurements of interest.  Thus, procedures for additional measurements and reports of channel quality are needed.  In addition, channel rate switching may be conducted with a handoff, but this is costly in terms of overhead.  Specification of reassignment signaling that has low delay and minimal impact on speech quality is needed.

4 Conclusions

The capacity benefits of initial channel rate selection were investigated. The impact of measurement error and delay is FFS.  It was demonstrated that gains on the order of 50% are possible.  Note that further gains can be achieved if a lower rate vocoder such as MR59 is employed, if even lower channel rates are considered, or if power control is used in conjunction with initial rate selection. The simulations assume a static environment where there is no user mobility and shadow fading is assumed constant over the duration of the call.  A varying environment could require dynamic channel rate switching in addition to initial rate selection.  Note that if channel rate switching occurs at the same rate as handoffs, the degradations, if any, may not be large. 

Based on the capacity gains shown in the paper, Lucent recommends that initial channel rate selection and channel rate switching be considered for REL-5.

References

[1] UMTS 30.03, “Universal Mobile Telecommunications System (UMTS); Selection Procedures for the Choice of Radio Transmission Technologies of the UMTS,” V3.1.0, 1997. 










1
1

